Mantle cell lymphoma (MCL) is more aggressive when compared with other lymphomas composed of small, mature B lymphocytes. Cyclin D1 is overexpressed in MCL as a result of the translocation t(11;14)(q13;q32). Cyclin D1 immunohistochemistry in fixed, paraffin-embedded tissue contributes to the precise and reproducible diagnosis of MCL without the requirement of fresh tissue. However, its use in bone marrow biopsies is not well established. In addition, increased levels of cyclin D1 mRNA have been found in hairy cell leukemia but have not consistently been detected by immunohistochemistry. We used a polyclonal antibody and heatinduced antigen retrieval conditions to evaluate 73 fixed, paraffin-embedded bone marrow, spleen, and lymph node specimens with small B-cell infiltrates, obtained from 55 patients. Cyclin D1 was overexpressed in 13/13 specimens of MCL (usually strong, diffuse reactivity in most tumor cells) and in 14/14 specimens of hairy cell leukemia (usually weak, in a subpopulation of tumor cells). No reactivity was detected in five cases of B-chronic lymphocytic leukemia; five cases of splenic marginal zone lymphoma; six cases of nodal marginal zone cell lymphoma; two cases of gastric marginal zone cell lymphoma; or ten benign lymphoid infiltrates in bone marrow, spleen, or lymph nodes. In summary, although the total number of studied cases is small and a larger series of cases may be required to confirm our data, we present optimized immunohistochemical conditions for cyclin D1 in fixed, paraffin-embedded tissue that can be useful in distinguishing MCL and hairy cell leukemia from other small B-cell neoplasms and reactive lymphoid infiltrates.
Lymphoproliferative disorders of small, mature B lymphocytes are diverse entities with different clinical manifestations and prognosis. Their diagnosis and classification requires a combination of histopathologic, immunologic, and molecular data (1) (2) (3) . Within this group, it is important to recognize that mantle cell lymphoma (MCL) has an aggressive course with a significant decrease in 5-year survival (4, 5) .
Cyclin D1 is a cell cycle protein that is overexpressed in MCL as a result of the translocation t(11;14)(q13;q32), which involves the immunoglobulin heavy chain gene on Chromosome 14 and a region on Chromosome 11 designated bcl-1 (6, 7) . The oncogene cyclin D1 is telomeric to the breakpoint regions and, as a result of the translocation, becomes overexpressed in lymphocytes when normally it is absent or present only at very low levels (8) . Cyclin D1 protein binds to a cell cycle kinase p34 cdc2 and drives cells from G 1 into the S phase. Thus, abnormally expressed cyclin D1 may contribute to deregulated cell proliferation (6 -8) .
Recent studies have established the usefulness of cyclin D1 immunohistochemistry in fixed tissue, particularly lymph nodes and soft tissues (7) . Only one report addresses its use in bone marrow (BM) specimens, but several limitations and technical problems were acknowledged (9) . Also, increased levels of cyclin D1 mRNA have been detected in hairy cell leukemia (HCL), but the results of immu-nohistochemical studies for cyclin D1 protein have not been consistent (9) .
We have used a new antibody with optimal heatinduced epitope retrieval (HIER) to evaluate wellcharacterized, small B-cell infiltrates in BM, spleen, and lymph node specimens. Particular emphasis was placed on marrow specimens, where involvement may be subtle and must be distinguished from reactive lymphoid aggregates. Despite the small number of studied cases, our results show that MCL and HCL overexpress cyclin D1 with a characteristic pattern of reactivity; therefore, cyclin D1 immunohistochemistry is a reproducible, highly sensitive, and reliable technique to evaluate small B-cell lymphoid infiltrates of the BM, spleen, and lymph node in fixed tissue.
MATERIALS AND METHODS

Case Selection
BM, lymph node, and spleen specimens were obtained from the Division of Hematopathology files at Vanderbilt University Medical Center. A total of 73 different specimens from 55 patients were analyzed. Tissues were routinely fixed in buffered formalin or B5 and paraffin embedded. Bone marrow core biopsies were fixed in B5 for 1 hour, transferred to buffered formalin, and then decalcified overnight using 5% formic acid. Most specimens were 3 years old or less, but some specimens were up to 15 years old. Histologic features of all cases were studied by using hematoxylin and eosin and periodic acid-Schiff's stains. Cases of MCL, HCL, nodal marginal zone cell lymphoma (parafollicular or monocytoid B cell lymphoma), B-cell chronic lymphocytic leukemia/small lymphocytic lymphoma (B-CLL/SLL), and splenic marginal zone cell lymphoma (SMZL) were diagnosed according to established histopathologic and immunophenotypic criteria (1, 10, 11) . Ten specimens with reactive processes that included seven BM biopsies, one spleen, and two lymph nodes served as negative controls.
There were 25 specimens obtained from 13 patients with MCL; specimens included 2 spleen resections, 2 lymph nodes, and 1 soft tissue of orbit, as well as 12 BM core biopsies and 8 aspirate clot sections. The BM specimens were obtained from 10 different patients and, for tabulation purposes, included 10 core biopsies and 6 aspirate particle sections. Histopathologic criteria and flow cytometric demonstration of a B-cell population with clonal surface immunoglobulin, CD5ϩ, and lack of CD23 established the diagnoses.
Twenty specimens obtained from 14 patients with HCL included 13 BM core biopsies and 7 spleen resections. The BM biopsies were obtained from 10 different patients; none had an aspirate clot section due to dry taps. Diagnoses were established by histopathologic criteria in all cases and by typical hairy cell morphology on Wright's stained smears (10 cases). In addition, diagnoses were supported by at least one of the following: flow cytometry immunophenotype (monotypic B cells coexpressing CD11c and CD25; 4 cases); tartrateresistant acid phosphatase positivity (10 cases); or DBA44 immunoreactivity was detected in 10/10 cases tested.
Our intention for using core biopsies and clot sections, as well as occasionally nodes or spleen specimens from the same patients in cases of MCL and HCL, was to provide evidence on consistency in the reactivity, as a result of formalin or B5 fixation or decalcification. We have included in this data three BM core biopsies of HCL patients and two core biopsies and clots of MCL patients obtained in follow-up visits to evaluate the possibility of change of reactivity over time.
Evaluation of Histopathologic Findings in BM Specimens
Tumor cell infiltrates were evaluated semiquantitatively in BM specimens of cases of MCL and HCL. The pattern of infiltration was defined as discrete small collections of lymphocytes with interstitial interspersed hematopoietic elements or nodular lymphoid aggregates or as diffuse replacement of the marrow space. The extent of involvement was also graded according to the percentage of lymphocytes relative to the overall BM cellularity: Ͻ5%, 5 to 25%, 26 to 50%, and Ͼ50%.
Immunohistochemical Studies
Four-micrometer-thick paraffin-embedded tissue sections were deparaffinized, and the endogenous peroxidase was quenched with 3% H 2 0 2 in methanol. The sections were then hydrated through gradient alcohols and phosphate buffered saline. Slides were placed in 10 mM citrate buffer and heated for 20 minutes in a 1500-W microwave oven (Radarange Model RS-40; Amana, Amana, IA) at the full power setting, operating at 2.45 GHz (HIER; 12). After washing, sections were exposed to 0.01% trypsin (Sigma Chemical Co, St. Louis, MO) for 5 seconds. Nonspecific protein-binding sites were blocked with 1% bovine serum albumin, 10% bovine calf serum, and phosphate buffered saline (blocking solution) for 30 minutes. Slides from each case were exposed to 1:100 dilution of H295 rabbit polyclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA) for 2 hours at room temperature. The antibody is affinity purified, raised against recombinant protein corresponding to amino acids 1 to 295, representing the full length of cyclin D1 of human origin. This antibody is cross-reactive with mouse and rat cyclin D1. Blocking solution was used as a negative control on duplicate slides. An avidin-biotin-peroxidase complex (Supersensitive Immunodetection System; Biogenex, San Ramon, CA) with 3,3Ј-diaminobenzidine as a chromogen was used for detecting antibody binding. Secondary antibody was a biotinylated goat secondary antiimmunoglobulins of mouse, rabbit, guinea pig, and rat primary antibodies.
The intensity of staining was graded as weak, moderate, or strong, and the number of cells positive was scored as Ͻ5%, 5 to 25%, 26 to 50%, or Ͼ50%.
RESULTS
Histopathologic Findings in BM Specimens
The histologic features of the 10 cases of MCL and 10 cases of HCL are summarized in Table 1 .
Mantle Cell Lymphoma
The infiltrate was interstitial in one case, involved multiple aggregates in seven cases, and was diffuse in two cases. Tumor cells occupied Ͼ50% of the marrow cellularity in four cases, 25 to 50% in no cases, 5 to 25% in five cases, and Ͻ5% in one case. Two cases diagnosed with the blastoid variant of MCL were included, and both had a diffuse pattern of infiltration.
Hairy cell leukemia
The infiltrates were interstitial in four cases and diffuse in six cases. Tumor cells occupied Ͼ50% of the marrow cellularity in five cases, 25 to 50% in two cases, and 5 to 25% in three cases.
Immunohistochemical Studies
Mantle cell lymphoma
All 25 specimens of MCL were reactive, including 20 BM specimens (12 core biopsies, plus 8 that also had aspirate clot sections). All these specimens were obtained from 13 different patients; thus, the total reactivity was 13/13. There was strong nuclear reactivity in all spleen, node, and orbit specimens (Fig. 1) . Cyclin D1 staining was useful in identifying focal nodal involvement or follicular colonization by the tumor cells. Moderate staining was noted in the cytoplasm and nuclei of some endothelial cells.
Overall intensity of reactivity in BM specimens was weaker (Table 1) , being strong in 1/10, moderate in 7/10, and weak in 2/10 ( Fig. 2) . More than 50% of neoplastic cells reacted in 8/10 cases, and between 5 and 25% of neoplastic cells reacted in 2/10 cases (Fig. 3) . The six cases having core biopsy 
Hairy cell leukemia
Twenty of 20 specimens of HCL were reactive ( Table 2 ). These specimens were obtained from 14 different patients; thus, the total reactivity was 14/ 14. The reactivity was rather weak to moderate in the spleen specimens, and about 25 to 50% of neoplastic cells had reactivity. Among the 10 BMs, the intensity of reactivity was weak in five cases and moderate in five cases. More than 50% of neoplastic cells were not reactive; between 25 and 50% of neoplastic cells were reactive in five cases (Fig. 4) , and Ͻ25% of neoplastic cells were reactive in five cases.
Other lymphoproliferative disorders
No reactivity was detected in five cases of SMZL (spleen resections), five cases of B-CLL/SLL (two BM, two spleen resections and one node), six cases of nodal marginal zone lymphoma, and two cases of MALT-type lymphoma (one BM, one stomach). See Table 2 .
Among benign lymphoid infiltrates of BM, spleen, and lymph node, rare individual mononuclear cells were cyclin D1 positive, but clusters of cells or distinct cell populations were not detected.
DISCUSSION
We have assessed the polyclonal H295 antibody and HIER method for evaluation of cyclin D1 expression in a variety of small B-cell infiltrates in fixed, paraffin-embedded BM, spleen, and lymph node specimens. This study was done to determine whether the sensitivity of this method may improve detection of cyclin D1 expression in MCL and HCL, particularly in marrow specimens, in which the results from studies elsewhere have been variable (7, 9, 13, 14) .
Our results show that cyclin D1 is strongly overexpressed in MCL. Using this method, all 25 specimens (20 marrows, 2 spleens, 2 nodes, and 1 soft tissue) from 13 patients were positive (100%). Our percentage of detection appears higher than that in other series; for example Ott cyclin D1 immunoreactivity in 88% of cases with proven t(11;14)(q13;q32), whereas Aguilera et al. (16) found immunoreactivity in 70% of 23 cases with proven translocation. According to cytogenetic and Southern blotting analyses, approximately 50 to 80% of MCL show the t(11;14)(q13;q32) translocation (16 -18) , and, according to fluorescence in situ hybridization, up to 96% show it (19, 20) . Thus, despite the small number of cases analyzed and the likelihood that in studying a substantive number of cases, the positivity rate may fall, it appears that our conditions for the immunohistochemical detection of cyclin D1 were highly sensitive, particularly in BMs.
BM involvement based on morphology has been reported in 60 to 90% of MCL cases, with peripheral blood involvement in 25 to 50% (21) . The most common pattern of infiltration has been focal intertrabecular and diffuse, but nodular and interstitial infiltrates have also been reported (21) . The evaluation of marrow in patients with MCL is particularly challenging because benign lymphoid aggregates occur in 18 to 47% of BM samples. Reactive lymphoid infiltrates can also be seen in young individuals with immune disorders (22) . As suggested by Swerdlow et al. (7) , cyclin D1 may prove useful in detecting subtle marrow involvement and in distinguishing tumor from reactive infiltrates. Only one report has addressed the use of cyclin D1 immunohistochemistry in BM specimens, but high background staining interfered with interpretation (9). Vasef et al. (9) showed that 72% of involved marrows had cyclin D1 overexpression according to immunohistochemistry. In our cases, the pattern of BM involvement was predominantly nodular with a variable degree of replacement. The intensity of cyclin D1 staining was moderate in most cases, and generally more than 50% of the tumor cells were positive. Our results show that 6/10 cases of MCL had less than 25% of marrow involvement, that the neoplastic cells were cyclin D1 ϩ , and that none of the lymphocytes in reactive marrows showed cyclin D1 staining, in agreement with results from other studies (23, 24) . More recently, other approaches have been attempted to detect BM involvement; Remstein et al. (19) and Caraway et al. (25) , in abstract forms, showed that fluorescence in situ hybridization is highly sensitive for detection of BM involvement by MCL, up to 96%; Caraway et al. (25) showed that fluorescence in situ hybridization can detect t(11;14) breakpoints when polymerase chain reaction is negative.
Cyclin D1 overexpression is not limited to MCL but is also seen in a subset of carcinomas of the head and neck, breast, and lung (6, 7) . Although most lymphoproliferative disorders other than MCL do not express cyclin D1, there have been reports of cyclin D1 overexpression in HCL, although the results have been inconsistent. Vasef et al. (9) found that 1/5 (20%) cases of HCL reacted. Zukerberg et al. (14) found cyclin D1 overexpression in 1/15 HCL cases. Savilo et al. (13) , in a recent abstract, mentioned that cyclin D1 was commonly overexpressed in HCL. The reasons for this variability in detecting cyclin D1 are likely due to differences in methodologies, including conditions of antigen retrieval and antibody specificity. Vasef et al. (9) used a cocktail of two monoclonal antibodies (P2D11F11 and 5D4), protease digestion, and heat and sonication-induced epitope retrieval; Zukerberg et al. (14) used a polyclonal antibody that was produced in their laboratory, combined with microwave epitope retrieval; Savilo et al. (13) used a monoclonal antibody clone ZY-7D2.
The finding of high cyclin D1 protein expression in HCL is not entirely unexpected. Bosch et al. (26) reported high levels of cyclin D1 mRNA and protein overexpression using Western blot analysis, although they noted that the level of expression in HCL was much lower than in MCL and that it was a bcl-1 rearrangement. More recently, Aguilera et al. (16) assayed cyclin D1 mRNA by reverse transcriptase polymerase chain reaction to show very high levels of transcripts in MCL but lower levels in other lymphoproliferative disorders, including 6/11 follicular center cell lymphoma, 2/3 peripheral T cell lymphoma, and 2/3 diffuse large cell lymphoma. These authors, however, did not find cyclin D1 protein overexpression in follicular center cell lymphoma or peripheral T-cell lymphoma, including anaplastic large-cell lymphoma; HCL was not tested.
It has been reported elsewhere that other small B-cell neoplasms, including B-CLL/SLL, SMZL, or MALT lymphoma, do not, or only rarely, express cyclin D1 by immunohistochemistry (7) . Cyclin D1 is expressed in 6% or less of B-CLL/SLL, in agreement with our results. It has also been reported that about 20 to 30% of lymphoplasmacytic lymphoma and multiple myeloma may overexpress cyclin D1 (27, 28) . Similar to the case with other investigators, we did not find cyclin D1 reactivity in SMZL (29) and marginal zone lymphoma of nodes and stomach (15, 23) .
In conclusion, HIER using the H295 antibody is a very sensitive method for detecting cyclin D1 expression in fixed tissue in all tissue types, including BM. Cyclin D1 expression is moderate to strong in MCL and is present at a weaker level in all HCL tested. Reactive tissue and other small B-cell neoplasms are negative. Although the number of cases studied is small, we show evidence that this technique is useful, particularly in the marrow in detecting minimal disease and in differentiating MCL and HCL from reactive lymphoid infiltrates and other small B-cell neoplasms. Cyclin D1 expression in HCL may be useful in diagnosing this disease when flow cytometry is not available. Also, immunostaining for cyclin D1 can identify follicular colonization by MCL, which may cause confusion with a low-grade follicular lymphoma. As astutely pointed out by the authors in the preface, the pathology of the gallbladder, biliary tract, and pancreas is an area that has few dedicated monographs. This text provides a comprehensive overview of the region. As many surgical pathologists will attest, a scheduled Whipple procedure sends one scrambling for texts dedicated to this subject. The widespread use of this procedure as well as endoscopic techniques ensure that the pathologist must be adequately prepared to interpret tissue specimens from this region. Not to mislead though, this book covers all aspects of disease, not just neoplasia. Contents include 16 chapters within 351 pages followed by a comprehensive index. Chapters are thoughtfully arranged with reviews of embryology, anatomy, and histology of the pancreas, gallbladder, and bile ducts followed by chapters dealing with neoplastic, congenital, inflammatory, and degenerative conditions. The complex features and lesions of the ampulla of Vater are included. The inclusion of discussion and illustrations of normal anatomic variants is well done. Also nicely incorporated into the text is information regarding contemporary molecular and clinical caveats with an entire chapter dedicated to the molecular biology of pancreatic carcinoma. This text does well to not only describe and classify but to expand on etiology and pathogenesis. The illustrations of the text are primarily directed toward histopathology, although gross and cytology pictures are included. The illustrations are limited to black and white and are labeled clearly.
Book Review
Overall, I find this book to be a quintessential guide for pathology residents, fellows, and practicing pathologists dealing with pancreatobiliary specimens. This volume continues in the highquality tradition of the MPP series.
Jay C. Helsel University of Kansas Medical Center Kansas City, Kansas
